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(57) A proton conducting polymer obtained by 
blending an organic phosphoric acid compound solution 
with a meta type polyaniline solution; a solid polymer 
electrolyte for a fuel cell comprising the proton conduct- 
ing polymer, which is excellent in proton conductivity, 
methanol barrier property and dopant stability in an 
aqueous solution of methanol; and an electrode com- 
prising the proton conducting and fine catalyst particles 
carried on porous particles. 



CO 

o 

in 
oo 
o 

Q. 

Ill _ 

Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



EP 1 085 034 A1 



Description 



10 



15 



20 



FIFIDQFTHF INVENTION 

[0001] The present invention relates to a proton conducting polymer, a method for producing the same, a solid pol- 
ymer electrolyte and an electrode. 

RAnKRROUNP OFTHF INVENTION 

r00021 In recent years, fuel cells have occupied an important position as next generation type clean energy 
EL ilT> solid polymer electrolyte type fuel cell is one in which both anode and cathode electrodes are each 
acms • a soTd Ser e"^rolyte m^brane intervening therebetween. For example, in the case of a d,rect 
m^SlSelS^JSSlter referred to as a "DMFC") in which methanol Is used as afuel, methanol ,s supphed 
toThe anode aid? and oxygen or air to the cathode side, thereby allowing electrochemical reaction to occur to generate 
2£u?!£i£™Ln^ membranes having high proton conductivity have been **** ** ^'"' ^e 
1£?2£Za« their high output and high energy density, and for obtaining smal.-sized, l.ghtwe.ght fuel cells^The 
o^meTe^Ve membmne used in the DMFC is required to have ^Jf^^S^'SS^ 
to say reduced permeability (cross-over) of fuel methanol from the anode s.de of the membrane to the cathode s.de 

25?" Piously, hydrated membranes of perfluorosulfonic acid polymers such as Nafion (trade name) nnanufec- 
tured by E I du Pont de Nemours and Company) have generally been used as the sohd polymer electrode mem- 
branes. The structure of Nafion is represented by the following general formula (I): 
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40 rooMl The above-mentioned hydrated membranes of perfluorosulfonic acid polymers have high proton conductiv- 
SS t^ZSZSS* is exhibited by the generation of a channel structure caused by frMton 
hvdrated protons} That is to say, the conduction of protons takes place through water as a medium In the hydrated 
II nane polymers, and a specified amount of water exists in ^^SSSSZ^ 

According*, methanol having high affinity with water easiiy passes through the '™*>?^*^* M m-m 

45 branes of perfluorosulfonic acid polymers have a limitation with regard to the '^f* a ™£^L d0Ded witn 
[00051 Besides, as a polymer having proton conductivity independent of water, polybenzimidazo le (PBI) doped Iwrth 
a strong acid such as phosphoric acid (hereinafter referred to as 'acid-doped PBI") is known . Speaflcally, PBI .ncludes 
poly-[2 ;2'-(m-phenylene)-5 ( 5'-bibenzimida Z oleJ represented by the following general formula (II). 
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[0 006] ^hrespecttothecondutfionme^ 

proton hopping occurs through acids coordinated ^^"^^^ be sig- 
hopping does not accompany movement of water. Then, the acd-doped PB ^mDranes h 
J~„l. |„ w m the cross-over amount of methanol, and excellent in methanol barrier • 
d^d'pBI membranes have the disadvantage that elimination of dopants such as inorganic ac* ,s 

an amount of one molecule per N-H group in FBI (Japanese Unexammed ^ „ „ preferred 

[0008] For improving the proton conductivity of the ^^^^ d ^ ^^e^^natod to 
that the N-H group density of the base polymers . mcrea sed and that the ^J^^J^^ tne baS e pol- 
the N-H groups is increased. Further, for conducting ^^^X^SS2^ Furthermore, from the 

ducting polymers are preferably aromatic polymers. me mbranes has imidazole rings, and two nitrogen 

arrangement of a nitrogen atom of an N-H group oonnecti ^ "JJ . polyaniline . The molecular structure 

[0010] A polymer having such an N-H group connecting tm«onrtc nngs « a potyan Jne. 

thereof is simpler than that of PB., and the N-H group ^ft"^ ™e p^njine »™ P OP 

which aromatic rings are bonded at the para-posihons (here nafl e re ened to « a para typ p y ^ 

aniline in which aromatic rings are *JEX£*+ « 

Se Led as a materia, for the ^^^^ exhibit 

KLcor^ 

SS^-J^S^^ (1980) - and onuki - Matsuda and 

Koyama, Nippon KagaKu Kaishi, 11, 1801 (1984)}. nprmeabilitv (proton conductivity). Accordingly, 

and Koyama, Ni p pon Kaqaku Kaish. , 1L 1801 0 984)]. compare d with the above-mentioned para type 

trolyte material for fuel cells. eniiri nnivmer electrolyte type fuel cell, a so-called MEA (membrane 

[0014] Furthermore, as an electrode used in a solid polymer ™ e • supported on 

electrode assemb.y) Is known. In the MEA, electrodes ™J^*££^£^tt^ resin for 
carbon, a solid pofymer e.ectrolyt . , °^^l^^n^Z main planes of a solid pol- 
adhering the fine catar/st particles to one another. The elect ^ " ^aSIiSd Patent Publication No. 5-3641 8). 

formed on the surfaces of the fine catahyst particles, when it Is high in proton conduct^, 
oi [MMAJ3Y nFTHF INVENITON 

polyaniline having the molecu.ar structure desirab.e forthe proton conducting polymers. 
[M171 An object of the invention Is to provide a proton conducting Polymer 
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polymer, which is exceiient in proton conductivity, methane, barrier proper* and stability of dopant in an agueous so,, 
^Tlurtherobjectof the invention is to provide an e^ 

fine catalyst particles carried on porous P*™. intpnsive inves f iqa tion for attaining the above-mentioned objects. As 
5 [0021] The present inventors have conducted intense ' ^Smer a method for producing the same, a solid pol- 
a result, the inventors have discovered that a prot on conduct ,ng PJ^,™ ^ condu Lfty. methanoi barrier 

• g-rSSSS 

S ^ S^SSK^ units of the above-mentioned po.yani.ine may bave at .east one subsnt- 
15 Ss] The above-mentioned proton conducting po^er is preferably obtained by doping the polyani.ine w«h a 

[0028] Further, the invention provides a method for produc ng | ■ iproron » so|ution 

br p s=rs 

25 SS P Tt e Ii, further, the invention provides an e.ectrode comprising the above-mentioned proton conducting pol- 
ymer and fine catalyst particles carried on porous particles. 

PHIFF DESCB1EEQM QFTHF DRAWINGS 

taken in conjunction with accompanying drawings, of which: 
Fig . , is an IR chart of a proton conducting 

rF ^°'°^" nF THF PRFFFRRFO FMRODIMENTS 

[0032] The invention provides a proton conducting pofymer containing a potyani.ine. The polyani.ine is preferably a 
meta type polyani.ine. nrtWian \ V[nf > include a method of polymerizing aniline in an organic sol- 

dation polymerization, and indicated by the following reaction scheme (III): 



30 



35 



40 



45 



so 




NMP 



tcr 



(III) 



n 



55 



[0034] 

solved in 



4 



4. 



EP 1 085 034 A1 



such as N-methyl-2-pyrrolidone (NMP), and an oxidizing agent such as ammonium peroxodisulfate ,s added thereto in 
an amount of 90 to 1 30 mole percent based on aniline, at -20°C to 50°C. preferably at -5°C to 0°C, all at once or for 30 
minutes to 72 hours, more preferably for 1 2 hours to 24 hours. The resulting solution is stirred overnight wh.le graduaKy 
^ngThe temperature of the solution to room temperature. Then, the reaction solution .s poured into a large excess 
- oYd'eionlzed water to obtain a solid material. The solid material thus obtained is repeatedly wasneo wrth 
' and acelone, followed by washing with deionized water. Then, the solid material is vacuum dried at room temperature 
to 200°C, preferably at about 100°C. 

r00351 In the production of the above-mentioned meta type polyaniline, aniline derivatives each having a least one 
uSuent on an aromatic ring may be used as starting materials. The number of the subartuentfs ,» ^J ^^ 

w ^eferably 1 or 2 In that case, the polyaniline produced has the substituents on the aromatic rings in repeating umts. 
fuSeT The aniline derivatives having the substituents used as a starting materia, include tolu.dine, amsidine, am.- 
nobenzoic acid, aminobenzotrifluoride and phenylenediamme. . n _ . 9t |east one 

[0037] Using the aniline derivatives having the substituents as a starting material, a polyaniline having at least one 
substituent at the aromatic rings in the repeating units thereof can be obtained. , n%tcn \ 

, 5 [OMS Tne reaction sofcents that can be used include organic sclents such a. i N.N-dimeth y ^M^m 
N N-dmethylacetamide (DMAc) and N.N-dimethylformamide (DMF), and deionized water alkal,f.ed b > addrtio of 
NaOHoSH aswellas NMP described above. For improving the solubility and thus increasing the molecular weight, 

as well as ammonium peroxodisulfate described above. Preferred is ammonium peroxodisutfate. 
[0040] Fig. 1 is a chart of an IR absorption spectrum of a proton conducting polymer obtained by blending poly 
aniline with O.S molecu.e per repeating unrt of diphenylphosphoric acid, and ca*K, S I the r^utong mixtu^ As s own, 
Rg. 1 , the formation of the meta type polyaniline is confirmed by the presence of peaks at 1 ,530 ^ f^'™™,. 
assigned to phenyl groups bonded at the meta-positions. By the presence of peaks at 1 ,1 70 cm and 1 ,250 cm , rt « 
nnnfirmpri that the oara tvoe Dolvaniline is also formed in small amounts. 

S r As Z ^bondTng of" aromatic rings in repeating unrts of the potyaniline obtained by W. -anufa^unng 
S usually 60 mo.e percent or more, preferab* 70 mole percent or more, and more preferably 80 mote percent or 
more of the aromatic rings are bonded at the meta-positions. The above-mentioned format,on ratio .s calculated I from 
the area ratio of absorption peaks of phenyl groups assigned to the respects composrtions, which « determined by 

30 loM^TMncnSsing the bonding ratio at the meta-positions, the reaction so^ent is changed from a conventi iona. 
K aqueous solution I a neutral to alkaline aqueous solution or an organic solvent, and the addrtion speed of he 
oxidizing agent is decreased. This method can minimize the amount of a substance represented by ^e oUow-ng for- 
mula (IV) which is stable and highly reactive in an acidic solution, and liable to form the para type polyaniline ,n polym- 
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[0043] The molecular weight of the meta type polyaniline obtained depends on the time taken to add the oxujzing 
5S For example, when the concentration of aniline contained in the reaction solution is 6.7% by volume addition of 
the oxidizing agent all at once gives a inherent viscosity (r,, nh ) of 0.07. addition thereof for 6 hours gives a mherent vis- 
cosity (ninh) of 0.13, and addition thereof for 12 hours gives a inherent viscosity dlinh) of 0-22. 
ro044] Further, the molecular weight of the meta type polyaniline also depends on the solution ooncentration^For 
example when the oxidizing agent is added for 12 hours, a concentration of aniline in the reaction solution of 6 7 /« by 
vZeg^ 
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of 1.14. 

[0045] When water is used in the polymerization reaction of the meta type polyaniline, the PH of the reaction solu- 
tion is kept preferably at 7 or more (under neutral to alkaline conditions), and more preferably at 10 to 14. 
ro046] When the PH of the reaction solution is less than 7, the formation of the para type polyaniline increases to 
generate electrical conductivity, therefore becoming inadequate for the solid polymer electrolyte membrane application 
[0047] The PH is adjusted by using a 0.1 to 2 M aqueous solution of NaOH or KOH as the reaction solution, and 
controlling the concentration of NaOH or KOH. . 
[0048] The polyaniline of the invention may have substituents on the aromatic rings in the repeating units thereof. 
[0049] The proton conducting polymer of the invention is obtained by doping the polyaniline with the strong acid or 
the acid compound. . 
[0050] The strong acids used in doping are preferably phosphoric acid, sulfonic acid and sulfuric acid. The acid 
compounds include acid compounds in which hydrogen atoms of sulfuric acid, sulfonic acid, phosphoric acid, phospho- 
rous acid and the like are substituted by phenyl group-containing functional groups. 

[0051 ] Of the acid compounds, an acid compound in which a hydrogen atom of phosphoric acid is substituted by a 
phenyl group-containing functional group, that is to say, an organic phosphoric acid compound, is preferred. The 
organic phosphoric acid compounds include phenylphosphoric acid derivatives represented by the following general 
formula (V) and diphenylphosphoric acid derivatives represented by the following general formula (VI): 



R 



OH 
I 

o-p = o <v) 

OH 



wherein R represents a hydrogen atom, an alkyl group having 1 to 5 carbon atoms, a halogen atom or a nitro group; 

,R 



o 

0 -p = o < VI > 

I 

OH 



wherein R represents a hydrogen atom, an alkyl group having 1 to 5 carbon atoms, a halogen atom or a nitro group. 
[0052] Examples of the phenylphosphoric acid derivatives include alkyl-substituted phenylphosphoric acids such 
as phenylphosphoric acid, o-toluylphosphoric acid, p-toluylphosphoric acid, o-ethylphenylphosphoric acid, p-ethylphe- 
nylphosphoric acid and p-isopropylphenylphosphoric acid; halogen-substituted phenylphosphoric acids such as o-chlo- 
rophenylphosphoric acid, p-chlorophenylphosphoric acid and p-bromophenylphosphonc acid; and 
nitrophenylphosphoric acids such as m-nitrophenylphosphoric acid. 

[0053] Further examples of the diphenylphosphoric acid derivatives include di(alkyl-substituted phenylphosphoric 
acids such as diphenylphosphoric acid, di(o-toluyl)phosphoric acid, di(p-toluyl)phosphoric acid, di(o-ethylphenyl)phos- 
phoric acid, di(p-ethylphenyl)phosphoric acid and di(p-isopropylphenyl)phosphoric acid; di(halogen-substituted phe- 
nyl)phosphoric acids such as di(o-chlorophenyl)phosphoric acid, di(p-chlorophenyl)phosphonc acid and di(p- 
bromophenyl)phosphoric acid; and di(nitrophenyl)phosphoric acids such as di(m-nitrophenyl)phosphonc acid. 
[0054] Furthermore, the phosphorous acid compounds in each of which a hydrogen atom of phosphorous acid is 
substituted by a phenyl group-containing functional group include phenylphpsphorous acid derivatives represented by 
the following general formula (VII). Examples thereof include phenylphosphorous acid; di(alkyl-substituted phe- 
nyl)phosphorous acids such as diphenylphosphorous acid, di(o-toluyl)phosphorous acid, di(p-toluyl)phosphorous acid, 
di(o-ethylphenyl)phosphorous acid, di (p-ethylphenyl)phosphorous acid and di(p-isopropylphenyl)phosphorous acid; 
di(halogen-substituted phenyl)phosphorous acids such as di(o-chlorophenyl)phosphorous acid, di(p-chlorophe- 
nyl)phosphorous acid and di(p-bromophenyl)phosphorous acid; and di(nitrophenyl)phosphorous acids such as di(m- 
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$Sq iA. the Wins I. ortd out I* the UM »» 

[nation and doping at the same time (interfacial coagulation method). 
[0057] Forthedopingforpreparingtheproton^^ 

tion blend method is particularly preferred. required to dissolve not only the poly- 

[0058] in the invention, the solvents used m ^f^^^^ rea son. the solvents such as NMP and 
Lines and the dopants, but also the ^P^^^^S^i low solubility of the acid-doped poly- 
DMSO used as the solvents for the P^<<«<» ^^SSJS po , ya nilines produced are dissolved only » 
anilines (proton conducting polymers) produced ^^^^Zimet. * is difficult to treat these strong 
strong acids such as concentrated sulfuric acid and «^^*2£3s£ metnod , s preferably trifluoroacetic acid, 
acids after film formation. Consequently, the solvent used in the so ^n blend me ^ ^ ^ fe frQm 

I00 59] in the solution ^BeSLon of the polyanilines contained in the 

room temperature to 200°C, and preferably from 40 C o 120 C. ^ ne 

- — — d 

?off in rn=n^n b d e :Sod,a^ 

he above-mentioned temperature, and then, a specified nwrt toMhe dopant is p olyte trafluoroethyl- 
oom temperature. After stirring overnight, the mo~d .Men. s ca* ^n ash ^ fo( 

ene (PTFE) sheet. Then the so^ent is removed at 0 C to ^^CjM^ 80 o C . The thickness of the resulting 

'p^S^ 

culated from the charged amount ratio of the P^J'^^^ing method can also be used. The strong acids 
[0062] When the strong acids are used as ^^'^^ ^ solutions can be easily prepared. For 
'have high affinity for water and methanol, the dopant, a methanol solution having a 

strong acids are used as the dopants immelB j na method, polyaniline solutions are first prepared. Sol- 

[0063] For preparing polyaniline Urns used , th "JSp D M30, DMAc and DMF. 
vents for preparing the po^aniline solutions include, or "^^^i t0 200 o C , pre , er ably at room temperature 
[0064] The polyaniline solution is prepared usually at room ^ShlsldWas the boiling point of the sol- 
S 1 20»C. Usually, for homogeneously dissolv '"9 the po^ ^^SSXL^ is adjusted so as to *» a 
vent, stirred to dissolve the polyaniline. and cooled to m ™ te ^™!^™cUto of the above-mentioned polyaniline 
viscosity of 50 to 4,000 poises, preferably 400 concentration of the po.yanil.ne In 
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hand exceeding 4 000 poises results in too high viscosity, which makes it difficult to prepare homogeneous films, 
poesr ^e Polymer so.ution thus obtained can be cast on, for example, glass plates, and the solvent . removed by 

S na S— !^ «>m is usuaily from 10 pm to 200 pm. and preferably from 50 pm 
5 looe 5 ^' Solvents for the dopant so.utions include tetrahydrofuran (THF), water, methanol^ ethanol, 

to 200°C preferably at 40°C to 80°C. Then, the dope amount is calculated from an increase in weigm 

?ooS, 9 are made with an impedance analyzer "YHP 4192A' — ured by 

?0K0GAW^HEWlSt PACKARD, LTD. in a dried state at 750 mV. using four terminals The d.rect 
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trode paste can also be directly applied onto the solid polymer electrolyte membranes. 
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[0081] The raw materials for the fine catalyst particles include platinum and an alloy of platinum and at least one 
selected from the group consisting of chromium, titanium and tungsten, and platinum is preferred. 
[0082] The fine catalyst particles are used in the state that they are carried on the porous particles. As the porous 
L-J.. hinhi„ structured carbon oarticles having large average specific surface area. wh.ch are produced by the 
Ketien orocess or the acetylene process, are suitably used. 

roOMl The fine catalyst particles carried on the porous particles include a platinum catalyst earned on carbon, 
which is prepared by allowing carbon to support 1 0% to 30% by weight of platinum by a conventional method. 
roo84] Methodsformixingthe proton conducting polymers of the invention with the f,ne catalyst parties earned on 
El porous particles (hereinafter referred to as a "p.atinum catalyst carried on carbon") include, for exarnp £, a ^thod 
of mixing a po^aniline-diphenylphosphoric acid blend so.ution obtained by the solution blend method w,th the pla mum 
catelyst earned on carbon to form electrode paste to be applied onto the gaseous diffusion electrode base imater «L 
[0085] Further, the methods for mixing the proton conducting polymers (acid-doped polyenes) w,th the plat num 
cata^sts carried on carbon also include a method of mixing the proton conducting polymer and the platinum catalyst 
carried on carbon with a solvent to form electrode paste. ~ tnh/ «. t 
[0086] As the above-mentioned solvents used in mixing the proton conducting polymers with the platinum catalys 
carried on carbon by stirring, any solvents can be used as long as they disperse the porous part ic e . ; well and do not 
deteriorate the functions of the solid polymer electrode membranes. For example, ethylene glycol and a 50/50 /„ by 
1 ^e mi of ethylene glycol monofsopropyl ether and isopropano. are suttabty used. Further, solver* unreacave 
to oxygen such as water, ketones and esters can be added to and mixed with them to such a degree th^eolog-ca 
characteristics such as the kinematic viscosity of the electrode paste for formation of electrode catalyst layers are not 

[OOSrT' The order of mixing the proton conducting polymer powder, the platinum catatyst carried on carbon and the 
solvent may be any, and can be appropriately selected. The resulting electrode paste is applied onto the gaseous drf- 
fusion electrode base materials by conventional procedures. 

0M8] Here, the gaseous diffusion electrode base materials are so-called electron conductive supports, which 
include for example, carbon paper and carbon cloth. In particular, the carbon paper is a porous base material, and par- 
ticularly has many pores (voids) because it is produced by the papermaking method. „u Q ^ atort 
[0089] The gaseous diffusion electrode base materials and/or solid polymer electrolyte membranes can be coated 
with the electrode paste by the conventional kiss coat method, doctor blade method and screen printing method. 
[0090] Then, the electrode paste layers applied and fixed onto the gaseous diffusion u electr ° de ^ ase h m ^" f' S n ™ 
heated and dried in an inert gas atmosphere to remove the organic solvents contained ,n the paste, thereby £rm.ng the 
cata^st layers comprising the platinum catalysts carried on carbon and the proton conducting polymers on the gaseous 
diffusion electrode base materials. _™w„h 
[0091] In this case, nitrogen or argon can be surtabiy used as the inert gas. First alcohol components are removed 
at 50°C to 80»C at ordinary pressure, and then, organic solvents such as ethylene glycol can be removed by heating at 
the same temperature under reduced pressure. 

OO92T T^e catalyst layers formed on the gaseous diffusion electrode base materials, which are obtained according 
to the above-mentioned steps, can be attached to the solid polymer electrolyte membranes by thermocompression 
bo tfng The attachment can be suitably carried out preferabfy at a temperature of 1 20°C to 1 50°C at a pressure , of 20 
to 200 kg/cm 2 by hot pressing. Under the conditions of a temperature of less than 1 20°C and a pressure of less than 
200 kg/cm*, the attachment is insufficient. On the other hand, under the conditions of a temperature exceeding 15 MS 
and a pressure exceeding 200 kg/cm*, there is a fear of decomposition of the proton conducting polymery Atthough the 
hot pressing time varies with the attachment temperature and pressure, it is usually from 30 to 120 seconds^ A . hot 
pressing time of less than 30 seconds results in a fear of insufficient attachment, whereas exceeding 120 seconds 
results in a fear of decomposition of the proton conducting polymers, or deterioration or deformation of the gaseous drf- 
fusion electrode base materials and/or the solid polymer electrolyte membranes. ^ lMrlh . 11<MM( 

[0093] In the above-mentioned steps, polytetrafluoroethylene resin solutions and thickening agente ord.nar.ly used 
as electrode constituting material components can be safely mixed, in addition to the platinum catalysts earned on car- 
hon the Droton conductinq polymers and the solvents. 

?0M4] The electrodes in which surfaces of the fine catalyst particles are covered with the proton conducting poly- 
mers of the invention show the effect of preventing the catalysts from being poisoned wtthout a decrease in catalyt,c 
activity. The amount of the proton conducting polymers that have covered the catafyst particles can be evaluated by 

measuring the amount of carbon monoxide (CO) absorbed. .. t . 

[0095] The solid polymer electrolytes comprising the proton conducting polymers of the invention are exce lent ,n 
proton conductivity and methanol barrier property, and also very high in dope stability ^^T^Z^ 
They are therefore very useful as solid polymer electrolyte membrane materials for ue. cells, particular* ^ Nu^dsup- 
ply type DMFCs. Further, the electrodes containing proton conducting polymers of the invention and the fine catalyst 
particles carried on the porous particles are high in activity, so that they are very useful as electrodes of fuel cells. 
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[0096] The present invention will be illustrated with reference to examples in more details below, but these exam- 
ples are not intended to limit the scope of the present invention. Parts and percentages in the examples and compara- 
tive examples are on a weight basis, unless otherwise specified. Various evaluations were conducted as follows. 

5 IR Absorption Spectrum 

[0097] The IR absorption spectrum was measured by the reflective diffusion method, using a 20DXB FT-IR spec- 
trometer manufactured by Nicolet Analytical Instruments. 



[0098] The relative viscosity Cn. re |) of a 0.5% concentrated sulfuric acid solution of a polymer was measured with a 
capillary viscometer, and the inherent viscosity was calculated therefrom. 

15 Proton Conductivity 

[0099] A vacuum-dried proton conducting polymer film was used as a sample for proton conductivity measure- 
ments. Complex impedance measurements were made with an impedance analyzer "YHP 4192A" manufactured by 
YOKOGAWA-HEWLETT PACKARD, LTD. in a dried state at 750 mV, using two terminals. The direct current component 
20 R was read from Cole-Cole plots, and the proton conductivity (S/cm) was calculated therefrom. 

Methanol Ba rrier Property 

[0100] A solid polymer electrolyte membrane having an area of 9 cm 2 was incorporated into a fuel cell to partition 
25 the cell into an anode chamber and a cathode chamber, and the cell is sealed. Keeping the cell temperature at 70°C, a 

1 M aqueous solution of methanol pressurized to 0.5 kgf/cm 2 was supplied into the anode chamber at 0.5 ml/minute. 

Dry air was allowed to flow in the cathode chamber on the opposite side through an inlet at ordinary pressure, and a 

membrane-permeated material is collected with a cold trap of liquid nitrogen from a gas exhausted through an outlet. 

The permeation amount of methanol (g/cm 2 ) was calculated from the weight of the collected material and the compo- 
30 s'rtion determined by gas chromatographic analysis, which was employed as evaluation results of the methanol barrier 

property. 

REFERENCE EXAMPLE 1 (Preparation of MetaType Polyaniline ) 

35 [0101] Aniline (16.5 ml) was dissolved in 248 ml of NMP to prepare an NMP solution of aniline. Then, 41.3 g of 
ammonium peroxodisutfate was added to the NMP solution of aniline at -5°C to 0°C for 12 hours, followed by stirring 
overnight while gradually restoring the temperature to room temperature. The reaction solution was poured into a large 
excess of deionized water to obtain a solid material. The solid material thus obtained was repeatedly washed with 
deionized water and acetone, followed by washing with deionized water. Then, the solid material is vacuum dried at 

40 1 00°C to obtain a meta type polyaniline. The resulting meta type polyaniline had a inherent viscosity r| inh of 0.22. 

[0102] The polyaniline thus obtained blended with 0.5 molecule of diphenylphosphoric acid per repeating unit and 
cast to obtain an acid-doped polyaniline (proton conducting polymer) film. An IR chart thereof is shown in Fig. 1. 
Absorption peaks at 1,530 cm' 1 and 1,610 cm" 1 assigned to phenyl groups bonded at the meta-positions were con- 
firmed. Absorption peaks at 1,170 cm" 1 and 1,250 cm" 1 assigned to phenyl groups bonded at the para-positions were 

45 also confirmed. As to the bonding of aromatic rings in repeating units of the above-mentioned polyaniline, 97 mole per- 
cent of the aromatic rings were bonded at the meta-positions. 

REFERENCE EXAMPLE 2 

so [0103] A meta type polyaniline was obtained in the same manner as with Reference Example 1 with the exception 
that ammonium peroxodisulfate was added for 6 hours. The resulting meta type polyaniline had a inherent viscosity r| jnh 
of 0.07. As to the bonding of aromatic rings in repeating units of the above-mentioned polyaniline, 85 mole percent of 
the aromatic rings were bonded at the meta-positions. 

55 REFERENCE EXAMPLE 3 

[0104] A meta type polyaniline was obtained in the same manner as with Reference Example 1 with the exception 
that ammonium peroxodisulfate was added all at once. The resulting meta type polyaniline had a inherent viscosity T| Inh 
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of 0.13. As to the bonding of aromatic rings in repeating units of the above-mentioned polyaniline, 81 mole percent of 
the aromatic rings were bonded at the m eta-positions. 

REFERENCE EXAMPLE 4 

5 

[0105] A meta type polyaniline was obtained in the same manner as with Reference Example 1 with the exception 
that 124 ml of NMP was used. The resulting meta type polyaniline had a inherent viscosity T| inh of 1 .1 4. As to the bond- 
ing of aromatic rings in repeating units of the above-mentioned polyaniline, 96 mole percent of the aromatic rings were 
bonded at the meta-positions. 

w 

EXAMPLE 1 (Production of Acid-Doped Polyaniline Film) 

[0106] In 20.0 ml of trifluoroacetic acid, 2.00 g of the meta type polyaniline obtained in Reference Example 1 was 
dissolved at a concentration of 10%, and diphenylphosphoric acid [R=H in general formula (VI)}, a commercially avail- 
15 able special grade chemical, was added thereto in an amount of 0.75 molecule per repeating unit of the charged poly- 
aniline, followed by stirring at room temperature overnight. The homogenized solution was cast on a PTFE sheet on a 
hot plate by using a doctor blade, and the solvent was evaporated at 40°C. then, vacuum drying was carried out at 80°C 
to obtain an acid-doped aniline (proton conducting polymer) film. The resulting acid-doped polyaniline film had a thick- 
ness of 30 u/n to 60 u.m. 

20 [0107] The relationship between the proton conductivity of the resulting acid-doped polyaniline film and atmos- 
pheric temperatures is shown in the graph of Fig. 2. 

[0108] Using this acid-doped polyaniline film as a solid polymer electrolyte membrane, the methanol barrier prop- 
erty was evaluated. The permeation rate of methanol was 1 .5X1 0" 6 g/cm 2 • minute. 

25 REFERENCE EXAMPLE 5 (Preparation of PBI) 

[0109] Polyp^'-fm-phenyleneJ-S^'-bibenzimidazole] was used as PBI, an imidazole ring-containing polymer. PBI 
powder (trade name: CELAZOLE) manufactured by Aldrich Chemical Co., Inc. was dissolved in dimethylacetamide at 
a concentration of 1 0%, and the resulting solution was filtered under pressure. Then, the solution was coagulated in dis- 
30 tilled water, and the resulting purified product was vacuum dried, pulverized and used as PBI powder. 

COMPARATIVE EXAMPLE 1 (Production of Acid-Doped PBI Film! 

[0110] An acid-doped PBI film was obtained in the same manner as with Example 1 with the exception that 2.00 g 
35 of PBI powder was used and the amount of diphenylphosphoric acid was changed to 2 molecules per repeating unit. 
The resulting acid-doped PBI film had a thickness of 30 jim to 60 jxm. 

[01 1 1] The relationship between the proton conductivity of the resulting acid-doped PBI film and atmospheric tem- 
peratures is shown in the graph of Fig. 2. 

[0112] Using this acid-doped PBI film as a solid polymer electrolyte membrane, the methanol barrier property was 
40 evaluated. The permeation rate of methanol was 1 .82X1 0" 6 g/cm 2 ♦ minute. 

COMPARATIVE EXAMPLE 2 (Nation 1 12 Film) 

[01 1 3] Various evaluations were similarly conducted by using a hyd rated membrane of Nation 1 1 2 manufactured by 
45 E. I. du Pont de Nemours and Company. 

[01 1 4] Using the hydrated membrane of Nation 11 2 as a solid polymer electrolyte membrane, the methanol barrier 
property was evaluated. The permeation rate of methanol was 1 .7X1 0" 3 g/cm 2 • minute. 

COMPARATIVE EXAMPLE 3 (Nation 117 Film) 

50 

[0115] Various evaluations were similarly conducted by using a hydrated membrane of Nation 1 1 7 manufactured by 
E. I. du Pont de Nemours and Company. 

[0116] Using the hydrated membrane of Nation 11 7 as a solid polymer electrolyte membrane, the methanol barrier 
property was evaluated. The permeation rate of methanol was 1 .2X1 0" 3 g/cm 2 • minute. 
55 [0117] From the results of Fig. 2, the acid-doped polyaniline film of Example 1 showed extremely high proton con- 
ductivity, compared with the acid-doped PBI film of Comparative Example 1 . The dopant amount in Example 1 was 0.75 
molecule per repeating unit, and that in Comparative Example 1 was 1 molecule per repeating unit. The acid-doped 
polyaniline film of Example 1 showed high proton conductivity, although the dopant amount thereof was smaller than 
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that of the acid-doped PBI film of Comparative Example 1. From the above, it is considered that the meta type poly- 
aniline is high in N-H group density compared with PBI, because of its simple molecular structure, which causes an 
increase in proton conductivity when doped with the acid. 

[0118] Further, the methanol barrier property of the acid-doped polyaniline film was very high, compared with the 

5 conventional hydrated membranes of Nafion 1 1 2 and Nation 1 1 7. 

[0119] The solid polymer electrolytes comprising the proton conducting polymers of the invention are excellent in 
proton conductivity, methanol barrier property and dopant stability in aqueous solutions of methanol. They are therefore 
very useful as solid polymer electrolyte membrane materials for fuel cells, particularly for DMFCs. Further, the elec- 
trodes containing proton conducting polymers of the invention and the fine catalyst particles carried on the porous par- 

10 tides are high in catalyst activity, and very useful as electrodes of fuel cells. 

Claims 

1 . A proton conducting polymer comprising a polyaniline. 

15 

2. The proton conducting polymer according to claim 1 , wherein 70 mole percent or more of aromatic rings in repeat- 
ing units of the polyaniline are bonded at the meta-positions. 

3. The proton conducting polymer according to claim 1 , wherein the aromatic rings in the repeating units of the poly- 
20 aniline have substituents. 

4. The proton conducting polymer according to any one of claims 1 to 3, wherein the proton conducting polymer is 
obtained by doping the polyaniline with a strong acid or an acid compound. 

25 5. The proton conducting polymer according to claim 4, wherein the strong acid or the acid compound is an inorganic 
acid or an organic phosphoric acid compound. 

6. The proton conducting polymer according to claim 5, wherein the inorganic acid is phosphoric acid and/or sulfuric 
acid. 

30 

7. A method for producing the proton conducting polymer according to any one of claims 1 to 5, which comprises dis- 
solving a polyaniline and an organic phosphoric acid compound in a common solvent, and casting the resulting 
solution. 

35 8. A solid polymer electrolyte comprising the proton conducting polymer according to any one of claims 1 to 6. 

9. An electrode comprising the proton conducting polymer according to any one of claims 1 to 6 and fine catalyst par- 
ticles carried on porous particles. 

40 
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Fig. 2 
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